In recent years, researchers have generated a variety of mouse models in an attempt to dissect the contribution of individual genes to the complex phenotype associated with Williams syndrome (WS). The mouse genome is easily manipulated to produce animals that are copies of humans with genetic conditions, be it with null mutations, hypomorphic mutations, point mutations, or even large deletions encompassing many genes. The existing mouse models certainly seem to implicate hemizygosity forELN, BAZ1B, CLIP2, and GTF2IRD1 in WS, and new mice with large deletions of the WS region are helping us to understand both the additive and potential combinatorial effects of hemizygosity for specific genes. However, not all genes that are haploinsufficient in humans prove to be so in mice and the effect of genetic background can also have a significant effect on the penetrance of many phenotypes. Thus although mouse models are powerful tools, the information garnered from their study must be carefully interpreted. Nevertheless, mouse models look set to provide a wealth of information about the neuroanatomy, neurophysiology and molecular pathways that underlie WS and in the future will act as essential tools for the development and testing of therapeutics.
INTRODUCTION
Genotype-phenotype correlation in Williams syndrome (WS) relies on the identification of individuals with atypical deletions of the critical region. Due to the mechanism of unequal meiotic recombination and subsequent deletion of 7q11.23, these individuals are extremely rare, with the vast majority of deletions spanning the entire 1.5 million base pair interval [Bayes et al., 2003] . Since the discovery of the WS deletion roughly 30 individuals with atypical deletions have been identified, but attempts to correlate genotype with phenotype have been only moderately successful . Although atypical deletion of the WS region can provide some insight into the role of specific genes in the complex pheno-type, clear correlations are proving elusive for several reasons. There are only a few individuals, each with a different deletion and in many cases the exact breakpoints of each deletion have not been established. In a few cases, families with multiple affected members have been identified and these enable intra-familial comparisons between people with identical deletions and similar genetic backgrounds [Frangiska-kis et al., 1996; Antonell et al., 2009] . Even where the deletion breakpoints have been defined, the effect on the expression of neighbor-ing genes, which may be altered due to deletion of regulatory elements, has in most cases not been examined. Another major problem with comparing differ-ent individuals is that they have been evaluated by different physicians and have not been subject to the same battery of clinical, cognitive, and psychological testing. Finally, and perhaps the most significant problem to date has been the enormous ascertainment bias toward individuals with deletions that include ELN. Hemizygosity for ELN results in an easily distinguishable cardiovascular phenotype that immediately indicates testing for a deletion of the WS region [Ewart et al., 1993] . With the wide-spread use of genome-wide clinical microarrays to detect copy number changes it is possible that more varied Since WS is a developmental disorder, mouse models give unparalleled access to pre-natal and post-natal phenotypic characterization and also to tissue for further molecular analysis. Thus, whilst bearing in mind the caveats mentioned in the next section, mouse models of WS provide invaluable tools to study the effect of both individual and combina-torial gene disruption over a wide spectrum of analyses, from the whole animal through to the single molecule.
MICE AS MODELS OF HUMAN DISEASE
Despite the rich clinical resources avail-able for the study of human genetic disease, animal models, and particularly mouse models, can provide valuable insight into the pathogenic mechanisms underlying these disorders. The mouse genome sequence has recently become available for comparison with that of humans and has revealed a very similar gene content [Waterston et al., 2002] . As a consequence mice exhibit many of the clinical symptoms of human disease and sophisticated phenotyping tools are available for their assessment [Rossant and McKerlie, 2001] . Powerful tech-niques exist for the manipulation of the mouse genome, allowing the germ-line disruption of single genes, multiple genes and even developmental stage-or tissue-specific genetic alterations
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[Hardouin and Nagy, 2000]. Mouse models allow access to tissues and embryonic time points that are not possible in humans, and allow the study of gene interaction since different genetic combinations can be generated simply through breeding. Finally, a mouse that displays a similar phenotype to a human disease provides an exper-imental model for the development and testing of new therapeutic interventions. It must be remembered, however, that mice are not men. Their physiology, although similar, has significant differ-ences that can mean some proteins have divergent functions and some gene disruptions may result in quite different phenotypic consequences. For instance, mice are quadripedal so some muscu-loskeletal symptoms will present differ-ently than they might in bipedal humans. Mice have a higher metabolic rate, earlier reproductive age and a far shorter lifespan than humans.
Mice have adapted to environments, predators and patho-gens that are not an issue for people, and vice versa. It is perhaps not surprising then, that one study estimated that at least 20% of human essential genes may be nonessential in the mouse, meaning that they can be homozygously deleted and not result in lethality [Liao and Zhang, 2008] . This is likely a result of human adaptation to environment Figure 1 . The region of mouse chromosome 5G syntenic to the WS region. A schematic representation of mouse chromosome 5G is shown with genes shown as arrows in the direction of transcription. The WS commonly deleted region is shown above. Filled arrows represent genes for which single gene mouse models exist and their names are shown in bold type. The range of the two existing deletion mouse models are shown below. Note that both deletions disrupt Limk1, so that mice carrying both deletions are Limk1-null.Cldn13is present within this region in mice, but not in humans.WSCR23, is present within an intronic region of GTF2IRD1 in humans, but not in mice.
and involves genes such as those that are necessary for the extended human lifespan. At the genetic level, mice and humans also have around 300 genes that are unique to each species, making human genetic disorders involving these genes impossible to model in another organism [Waterston et al., 2002] .
There are also phenotyping hurdles that must be overcome in the mouse. There are obviously limitations to the cognitive and behavioral testing that can be carried out in mice as compared to humans. There are also documented differences in testing protocols and results between research personnel and between laboratories as well as significant effects of genetic background on the expression of some phenotypic traits [van der Staay and Steckler, 2001] .
Numerous single gene knock-outs of genes from the WS region have been generated, some with the specific aim of understanding the molecular Li et al. [1998a,b] Homozygotes: perinatal embryonic lethality due to aortic obstruction by SMC proliferation Limk1 Heterozygotes: no data reported Meng et al. [2002] Homozygotes: abnormal dendrite spine morphology, altered hipocampal function, mild deficit in spatial learning and memory Lat2 Heterozygotes: no data reported Volna et al. [2004] , Zhu et al. [2004, 2006] Homozygotes: abnormal T-cell activation and mast cell response resulting in an autoimmune syndrome Clip2 Heterozygotes: mild growth deficiency, hippocampal dysfunction, deficits in motor coordination Hoogenraad et al. [2002] Homozygotes: mild growth deficiency, hippocampal dysfunction, deficits in motor coordination Gtf2ird1 Heterozygotes: mild growth deficiency, hypersociability, learning, and memory deficits Tassabehji et al. [2005] , Young et al.
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[2008], Palmer et al. [2010] Homozygotes: mild growth deficiency, craniofacial abnormalities, hypersociability, learning, and memory deficits Gtf2i Heterozygotes: no data reported Enkhmandakh et al. [2009] Homozygotes: early embryonic lethality ASD, atrial-septal defect; VSD, ventrical-septal defect; SMC, smooth muscle cell.
basis of WS and others as a result of unrelated research projects. Of the 26 genes that are commonly deleted in WS, published mouse models currently exist for 11.
The majority of these models were generated through conventional gene targeting techniques, whereby part of the gene is replaced by a selectable marker through homologous recombination in embryonic stem cells, usually producing a non-functioning null allele [Hardouin and Nagy, 2000] . These mice allow the study of the function of each gene in isolation, both in the heterozygous (equivalent to gene dosage in WS) and the homozygous state. Although mice completely lacking a particular gene do not mirror the gene dosage found in WS, the null genotype may enhance subtle phenotypes and give additional insight into the phenotypic consequences of hemizygosity, as well as providing avenues for molecular or bio-chemical studies. Perhaps the greatest promise of the single gene mouse model lies in its potential to correlate specific phenotypes with an individual gene.
DELETION MOUSE MODELS
Single gene mouse models can provide valuable information about the function of an individual gene, but they are not true genetic models of WS, which is by definition a contiguous gene deletion disorder. To address this issue, Li et al. [2008] took advantage of the high con-servation of gene content and order across the WS region with its syntenic region on mouse chromosome 5G (Fig. 1 ). They used Cre-loxP recombination between separately targeted endpoints in embry-onic stem cells to generate mice with deletions spanning either the proximal or the distal part of the region commonly deleted in people with WS. One deletion (DD) spanned Trim50-Limk1 (the equiv-alent of the proximal end of the deletion in people with WS) and the other (PD) spanned Limk1-Gtf2i (the equivalent of the distal end of the deletion in people withWS).Together(P/D),thesedeletions encompassed the entire common WS deletion, although because of the nature of the targeting, mice heterozygous for the two deletions were actually null forLimk1.
GENOTYPE-PHENOTYPE CORRELATION IN MOUSE MODELS OF WS Cardiovascular Disease
Cardiovascular disease is one of the defining clinical characteristics of WS
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and ELN was the first gene to be linked with WS etiology. Although the pathology is not identical to that seen in humans, a knock-out mouse model has demonstrated a critical role for elastin in the regulation of vascular morphogene-sis [Li et al., 1998a] . Mice lacking elastin die shortly after birth due to aortic obstruction caused by smooth muscle cell proliferation in the arterial wall [Li et al., 1998a] . Heterozygous mice are viable but produce 50% less Eln mRNA and protein, are hypertensive, exhibit thinner elastic lamellae, more lamellar units, decreased aortic compli-ance, and mild cardiac hypertrophy [Li et al., 1998b] . The Eln mouse model does not exhibit supravalvular aortic stenosis (SVAS), the most common cardiovascular manifestation seen in WS, however a transgenic mouse carry-ing a human version of ELN on a bacterial artificial chromosome resulted in thickening of the wall of the ascending aorta when combined with hetero-zygosity for the mouse Eln gene [Hirano et al., 2007] . This suggests a
The Eln mouse model does not exhibit supravalvular aortic stenosis (SVAS), the most common cardiovascular manifestation seen in WS, however a transgenic mouse carrying a human version of ELN on a bacterial artificial chromosome resulted in thickening of the wall of the ascending aorta when combined with heterozygosity for the mouse Eln gene.
fundamental difference in the function of the mouse and human gene in the developing aorta but also provides a more clinically relevant model for the study of therapeutic intervention for SVAS.
Alongside cardiovascular disease a lower, but still significant frequency of structural cardiac defects is also found in people with WS, though they have not been reported in families with isolated SVAS suggesting they are unrelated to ELN haploinsufficiency. Abnormalities include aortic coarctation, atrial and ventricular septal defects, mitral valve insufficiency or prolapse, bicuspid aortic valve and tetralogy of Fallot [Eronen et al., 2002; Del Pasqua et al., 2009] . A recent knock-out mouse model of Baz1b, a gene in the proximal part of the WS deletion region, may explain the occurrence of these developmental heart defects. BAZ1B is a shared subunit of 2 distinct chromatin remodeling com-plexes; WICH for DNA repair and WINAC for transcriptional control. Mice lacking BAZ1B showed major heart abnormalities and died shortly after birth, but heterozygous mice showed a range and frequency of devel-opmental heart defects similar to those seen in people with WS [Yoshimura et al., 2009] . These mice also had altered expression of genes known to be impor-tant for proper heart development, such asGja5andIrx3, suggesting that BAZ1B is required for the normal function of cardiac transcriptional regulators.
Interestingly, the WINAC protein complex has also been shown to interact directly with the vitamin D receptor (VDR) where it mediates VDR recruit-ment and binding to target sites in the promoters of genes regulated by VDR, including key enzymes regulating vita-min D biosynthesis and catabolism [Kitagawa et al., 2003] . Heterozygous Baz1b mice showed elevated serum calcium levels that were consistent with the transient hypercalcemia seen in infants and children with WS suggesting that hemizygosity for BAZ1B may explain this phenomenon [Morris et al., 1988; Yoshimura et al., 2009] .
Baz1b mice showed elevated serum calcium levels that were consistent with the transient hypercalcemia seen in infants and children with WS suggesting that hemizygosity for BAZ1B may explain this phenomenon.
Craniofacial Development
There has been much debate about the genetic etiology of the characteristic facial features associated with WS. The WS facial gestalt is a unique combination of alterations to both the soft tissue of the face and the underlying skull. The characteristic face of WS can be easily measured and defined using three-dimensional imaging to generate dense surface models of the face and identify discriminating features that support clinical diagnosis [Hammond et al., 2005] . Skull analysis, however, is far less specific to WS with only a few common features present [Mass and Belostoky, 1993; Axelsson et al., 2005] . People with smaller atypical deletions of the WS region show varying degrees of dysmor-phology but without careful, standar-dized analysis of facial features in each individual, it is hard to draw firm conclusions about the contributions of specific genes to facial morphogenesis .
There are two genes that have been postulated to be involved in the craniofacial features of WS based on existing mouse models, Gtf2ird1 and Baz1b. Gtf2ird1 was proposed as a key gene in facial morphogenesis based on the finding of a characteristic facial appearance which included periorbital fullness and a short snout, in Gtf2ird1Tg(Alb1-Myc)166.8Sst-null mice . Some of the mice also had more severe craniofacial abnormalities with misaligned jaws and a twisted snout. Evidence that Gtf2ird1 was proposed as a key gene in facial morphogenesis based on the finding of a characteristic facial
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appearance which included periorbital fullness and a short snout, in Gtf2ird1Tg(Alb1-Myc)166.8Sst-null mice. Some of the mice also had more severe craniofacial abnormalities with misaligned jaws and a twisted snout.
GTF2IRD1 may regulate the develop-mental genegoosecoid, which is known to be important for craniofacial morpho-genesis, suggested that hemizygosity for GTF2IRD1 could play a significant role in the WS facial phenotype [Rivera-Perez et al., 1995; Yamada et al., 1995; Tassabehji et al., 2005] . The heterozy-gous mice, however, showed normal craniofacial development, as did other Gtf2ird1-null mice, suggesting that this phenotype may be influenced by strain effects in the different mice, all of which were maintained on different genetic backgrounds genetic effects in the differ-ent mice, all of which were maintained on different strains [Palmer et al., 2007; Young et al., 2008] . Dramatic strain differences have been observed for mouse models of other syndromic dis-orders with distinctive craniofacial fea-tures, such as Smith-Magenis syndrome (SMS). The comparison of different mouse models for SMS also uncovered differences in the penetrance of the craniofacial phenotype based on the type of mutation generated in the mouse model, with large deletions having a more severe effect than point mutations in the single causative gene, Rai1 [Yan et al., 2007] . There may be similar effects in the Gtf2ird1Tg(Alb1-Myc)166.8Sst-null mouse with a craniofacial phenotype since in this model the Gtf2ird1 locus is interrupted by the insertion of between 5 and 10 tandem copies of a 4.6kb transgene, potentially disrupting the regulation or expression of other genes within the region . Baz1b was implicated in craniofa-cial development through a mouse model generated by random chemical mutagenesis [Ashe et al., 2008] . This mouse line was found to have a sub-stitution of a highly conserved amino acid, which resulted in an unstable protein, the majority of which was subsequently degraded. Mice homozy-gous for this mutation died within the first week of life, similar to the Baz1b knock-out mice described in the previous section. These mice had skulls that were significantly different from WT skulls primarily due to a reduction of the parietal and nasal bones as well as a relative hypoplasia of the lower jaw. Heterozygotes also had slightly narrower and shorter craniums compared to wild-type mice as well as reduced size of the posterior region of the lower jaw. Baz1b is expressed strongly in all the major facial primordia from early in embryo-genesis including the cranial neural crest-derived mesenchyme that drives facial morphogenesis. From these results it is possible that BAZ1B is important for cranial development, which is altered in people with WS who have a significantly shorter cranial base [Mass and Belostoky, 1993; Axelsson et al., 2005] .
Perhaps the most informative WS mouse models as far as craniofacial development is concerned are the deletion models. Here the mice recapitulate the genetic etiology of WS and so might be expected also to recapitulate the classic facies. Indeed, the most striking abnormalities in craniofacial develop-ment are observed for mice lacking the entire WS syntenic region . These mice have a significantly shorter cranial base with some narrow-ing of the posterior part of the skull, which is present to a lesser degree in mice lacking only the human prox-imal region spanning Trim50-Limk1.
The most striking abnormalities in craniofacial development are observed for mice lacking the entire WS syntenic region. These mice have a significantly shorter cranial base with some narrowing of the posterior part of the skull, which is present to a lesser degree in mice lacking only the human proximal region spanning Trim50-Limk1.
No differences in cranial morphology are seen in mice lacking the human distal region (Limk1-Gtf2i), in contrast to reports of individuals with atypical dele-tions which seem to point to genes at the distal end being more involved in the craniofacial phenotype Antonell et al., 2009; Ferrero et al., 2010] . These conflicting results highlight the complexity of both mammalian craniofacial development and WS. Although many of the developmental pathways in mammals are conserved, there are bound to be subtle differences in the roles of individual genes. The almost complete penetrance of the WS facial gestalt in humans suggests clear differences in the function of some genes from the region that are important for craniofacial morphogenesis [Morris et al., 1988] .
Although these mouse models do not clarify the genetic origin of the craniofacial phenotype in WS, they do not rule out a role forBaz1borGtf2ird1in the phenotype. Careful selection of back-ground strains may help dissect the role of GTF2IRD1 and may also modulate the phenotype of the deletion mice. Baz1b is a tantalizing candidate since it shows a heterozygous phenotype both when mutated and when disrupted in the context of the larger deletion. Interest-ingly, the mouse model deleted for the human distal region (PD, Fig. 1 ), though containing two intact copies of Baz1b, showed reduced expression of this gene . This may indicate long-range regulation of Baz1b by elements or genes situated within the distal region of the common WS deletion, raising the possibility of different thresholds of dosage sensitivity that may rely both on the extent of the deletion and expression of the non-deleted gene copy.
Endocrine Abnormalities
In the past few years it has emerged that the majority of adults with WS suffer
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from diabetes mellitus or pre-clinical glucose intolerance . Mouse models with either decreased or increased levels of syntaxin 1A, which plays a role in membrane vesicle fusion and pancreatic β-cell exocytosis of insulin granules, show significant alter-ations in glucose metabolism due to abnormal insulin secretion [Lam et al., 2005; Ohara-Imaizumi et al., 2007] , STX1A is therefore an excellent func-tional candidate for the high frequency of glucose dysregulation seen in WS. Another potential player in the regu-lation of glucose metabolism in WS is MLXIPL, a carbohydrate response ele-ment binding protein. MLXIPL is involved in the regulation of expression of carbohydrate responsive enzymes in the liver, which in turn control glucose metabolism and the synthesis of fatty acids and triglycerides [Iizuka and Hori-kawa, 2008] . Mlxipl-null mice showed elevated plasma glucose levels, suggest-ing that this gene may contribute to the phenotype in humans, however these mice also had reduced fatty acid synthesis and fat deposition which is in direct contrast to people with WS who tend to have a high percent body fat [Cherniske et al., 2004; Iizuka et al., 2004; .
Cognition and Behavior
Several of the current mouse models of WS point to the possible involvement of specific genes in the cognitive and behavioral phenotypes of WS. LIMK1 and CLIP2 both regulate the cytoskele-ton, LIMK1 through actin dynamics and CLIP2 through the microtubule net-work, and mouse models of both genes exhibited some degree of hippocampal dysfunction as evidenced by deficits in contextual fear conditioning and altered synaptic plasticity [Hoogenraad et al., 2002 [Hoogenraad et al., , 2004 Meng et al., 2002] . Both mouse models had normal brain vol-umes and neither had major structural brain abnormalities, but the Limk1-null mice did show altered dendritic spine morphology in pyramidal neurons, a phenomenon that has previously been associated with other genetic disorders involving intellectual disability, such as Down, fragile X and Rubinstein-Taybi syndromes [Kaufmann and Moser, 2000] . No analysis of the Limk1 heterozygotes was reported, so at this time it is unclear whether hemizygosity for LIMK1 might result in similar neuronal abnormalities in humans. Clip2 hetro-zygotes and homozygotes showed impaired motor coordination on some tasks, but no differences in anxiety or amygdala function, suggesting that CLIP2 may contribute to coordination problems in WS but not to the character-istic behavioral profile.
The Gtf2i genes have emerged as prime candidates for involvement in the WS cognitive and behavioral profile through the study of individuals with atypical deletions. Although the Gtf2i mouse model has not yet undergone any assessment, the Gtf2ird1 mouse showed several phenotypes that overlap with WS [Young et al., 2008] . Both heterozygous and homozygous mice exhibited increased social interaction, reduced aggression and anxiety and impaired amygdala-based learning and memory, which correlates with the high sociabil-ity, lack of social anxiety and disinhibi-tion seen in individuals with WS.
The Gtf2ird1 mouse showed several phenotypes that overlap with WS. Both heterozygous and homozygous mice exhibited increased social interaction, reduced aggression and anxiety and impaired amygdala-based learning and memory, which correlates with the high sociability, lack of social anxiety and disinhibition seen in individuals with WS.
In contrast to the Clip2 and Limk1 mice, their hippocampal function appeared to be intact and they had no problems with spatial tasks. Serotonin metabolism was also altered in the frontal cortex of these mice, and subsequent studies have dem-onstrated selectively enhanced serotonin receptor 1A-mediated responses in layer V pyramidal neurons of the pre-frontal cortex, suggesting altered neurophysiol-ogy [Proulx et al., 2010] .
Other genes that produce changes in learning and behavior when disrupted in mice are Fzd9 and Stx1a. Though the role of these genes in WS is less compelling based on individuals with atypical deletions, they may still contribute to the WS phenotype. Fzd9 hemizygosity caused mild changes in hippocampal structure, whilst loss of Fzd9 produced changes in hippocampal structure and function [Zhao et al., 2005] . Hemizygosity for Stx1a did not produce any obvious behavioral or cognitive phenotype, but mice homo-zygous for a truncated form of STX1A also had altered synaptic plasticity, related to hippocampal dysfunction McRory et al., 2008] .
A key question that has not yet been answered is whether the hemizygous deletion of two different genes together can result in an additive or a combina-torial effect on brain development and function. This is particularly relevant for Limk1andClip2, which both have major roles in the regulation of cytoskeletal integrity and remodeling, as well as for the Gtf2i genes that may co-regulate some of the same downstream target genes as well as perhaps regulating each other's function Hoogenraad et al., 2004; Jackson et al., 2005] . At this time neither of these double heterozygous mice have been generated, but they will hopefully be analyzed in the future.
Multiple Models of Gtf2ird1 With Different Phenotypes
In most cases a single mouse model for any particular gene exists. In the case of Gtf2ird1, several models exist, each generated in a different manner and each with it own phenotypic traits. The stark differences between these models underline the effect of mutation and genetic background. There are three Gtf2ird1 models that show milder phe-
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notypes, and have significant overlap with the clinical and behavioral aspects of WS. As discussed earlier, the Gtf2ird1 insertional model (Gtf2ird1Tg(Alb1-Myc)166.8Sst) exhibited craniofacial abnormalities, while two other knockout models (Gtf2ird1tm1Lro andGtf2ird1tm1Hrd) exhibited behavioral phenotypes Young et al., 2008; Palmer et al., 2010] . A fourth model (Gtf2ird1Gt(XE465)Byg) showed a far more severe phenotype in both the heterozygous and homozygous state [Enkhmandakh et al., 2009] . Phe-notypic features of the homozygous mice included severe neural tube and vascular defects, including abnormal vascularization of the yolk sac, which was postulated to contribute to the embryonic lethality seen in this model. Even heterozygous Gtf2ird1Gt(XE465)Byg mice showed severe skeletal abnormal-ities including kyphosis and loss of bones in the skull as well as hypopigmentation and hydrocephalus. The dramatically different phenotype observed in this mouse model is likely due not to genetic background effects, but to the nature of the Gtf2ird1 mutation. This model was generated from an embryonic stem cell line that has an insertion of a LacZ gene-trap cassette in intron 22 of the gene. The gene-trap technology allows for the expression of an in-frame fusion protein from the trapped locus, which in this case would consist of most of the GTF2IRD1 protein, fused with LacZ. The fusion protein would include multi-ple DNA-binding domains, as well as the dimerization domain, but would lack a nuclear localization signal. This fusion protein may be able to bind its DNA targets or interact with its regular protein partners, but would presumably not be able to carry out its normal function in the nucleus, perhaps acting in a dominant negative fashion. A role for GTF2I in the cytoplasm was recently identified, where it functions as a negative regulator of agonist-induced calcium entry, making it possible that GTF2IRD1 may also have a cytoplasmic function [Caraveo et al., 2006] . In addition, GTF2IRD1 and GTF2I are reported to counter-regulate the same gene targets, and GTF2IRD1 has been proposed to repress GTF2I transcriptional activation through nuclear exclusion Jackson et al., 2005] . The striking similarity between the phenotype of the Gtf2ird1Gt(XE465)Byg mice and another gene-trap line, Gtf2iGt(XE029) Byg, suggests that the Gtf2ird1Gt(XE465)Byg mutant may in fact be disrupting GTF2I function [Enkhmandakh et al., 2009] .
Correlation of Genetic Mouse Model With WS
It was hoped that a mouse model with deletion of the entire region commonly deleted in WS, would recapitulate the full spectrum of the WS phenotype. In fact, these mice do show many of the classic symptoms of WS, but also lack some of the key characteristics (Table II) . In particular, height-ened anxiety and increased sociability are present in the deletion mice, as are cardiovascular symptoms, growth retar-dation and motor coordination deficits. Other core features of WS, such as the soft tissue features of the face and hypersensitivity to sound are not present and visuospatial ability has not been explored in this model, although addi-tional tests of spatial learning and memory may yet uncover deficits. Other similarities with WS include reduced whole brain volume and an increase in the density of neuronal packing in layer V of the somatosensory cortex, which may correlate with an increase in neuro-nal packing density observed in layer IV of the visual cortex in WS [Galaburda et al., 2002] .
FUTURE DIRECTIONS
The ever-increasing number of mouse models for WS is helping to unravel the contribution of individual genes to the features of WS and provide a rich resource for complex molecular, bio-chemical and genetic studies that are not possible in humans. Genome-wide anal-ysis of gene or protein expression has already begun in many of these mouse models to identify molecules and path-ways that may be either directly or indirectly altered in WS due to the reduced expression of specific genes. These mice will also important for in-depth invasive studies of the brain that will help to determine the underlying neurophysiology of the cognitive and behavioral aspects of WS.
Behavioral and physiological anal-yses have already shown that many of the common WS phenotypes are able to be recapitulated in the mouse, although some aspects of WS will be hard or even impossible to model in a mouse: phobias are unlikely to be present in a mouse model and language studies are not feasible. One area that is highly characteristic of WS but has received [1988] . bLi et al. [2008] . cThree cases reported [Botta et al., 1999; Heller et al., 2003] . dWS proximal region in mouse is equivalent to WS distal region in human. eIn a single case where the individual was old enough to be evaluated.
little attention in the mouse is visuospa-tial ability. Although spatial learning and memory may be readily assessed in mice using paradigms such as the Morris water maze and the Barnes maze, most of the mice, including the deletion models, have not been tested [Holmes et al., 2002] . Attempts to define the One area that is highly characteristic of WS but has received little attention in the mouse is visuospatial ability.
Although spatial learning and memory may be readily assessed in mice using paradigms such as the Morris water maze and the Barnes maze, most of the mice, including the deletion models, have not been tested.
contribution of specific genes to the visuospatial deficits in WS through the study of atypical deletions have been inconclusive and the mouse models provide valuable tools with which to assess the individual and combinatorial role that genes such as Limk1, Clip2, and the Gtf2i genes play in normal and atypical visuospatial cognition.
Perhaps the most exciting prospect for mouse models is the ability to develop and test new therapeutic interventions. It has already been demon-strated that some of the serious cardiovascular abnormalities found in the Elnnull mice can be alleviated by the introduction of a human ELN gene, suggesting that although not identical, the underlying mechanisms of disease are somewhat similar in humans and mice [Hirano et al., 2007] . This provides a sound base for the pre-clinical testing of pharmaceutical therapies aimed at reducing hypertension, smooth muscle cell proliferation and vascular stenoses, which are the main causes of mortality in WS. In the future, mouse models will likely be just as important for the development and testing of new thera-pies to combat anxiety, disinhibition, visuospatial deficits, and even intellec-tual disability.
